Chrysanthemum is one of the most commercialized cut flowers on world market. After cutting, it becomes highly perishable due to the increased metabolic activity that leads to senescence. Thus, the experiment was carried out in order to evaluate action of maintenance solutions on the postharvest physiology cutting chrysanthemums of the cultivar Framint. A completely randomized design was used in the factorial scheme composed of two factors: four postharvest treatments and seven evaluation times. The flowers remained in the following maintenance solutions: citric acid solution, solution with boric acid, and salicylic acid solution at concentrations 100 mg. L -1 for both treatments in combination with 1% ethanol. During postharvest period, following analyzes were performed: fresh mass loss, volume of water absorbed, luminosity (petals), activity of the enzymes ascorbate peroxidase (APX), catalase (CAT), peroxidase (POD), superoxide dismutase (SOD), total protein and total carbohydrate content. The treatment with citric acid + ethanol was the most adequate to conserve the quality and to prolong longevity of the flowers, being confirmed by the smaller loss of fresh mass, respiratory activity, better maintenance of carbohydrate and protein content.
Introduction
Senescence is considered a process that leads to cell death at final stage of development (Noodén 1988; Watada et al., 1984) , including deterioration of structures and degradation macromolecules (Chen et al., 2008) . It is a scheduled process that does not occur in all floral organs at same time (Fan et al., 2015) . Petals are the first tissues to show signs of senescence according to their specific biological function (Arrom and Munné-Bosch, 2012) . Postharvest senescence may be due to several factors, such as reactive oxygen species (ROS), presenting as discoloration and petal curvature (Trippi and Paulin, 1984) . Many studies involving antioxidant properties were carried out with the aim of increasing longevity of the flowers (Reviewed by Amorim et al., 2017; Panavas and Rubinstein, 1998; Vaslier and Van Doorn, 2003; Gerailoo and Ghasemnezhad, 2011; Fan et al., 2015; Vieira et al., 2016; Fonseca et al., 2017) .
The defense mechanism used by plants to eliminate ROS is the activation of antioxidant enzyme system, including ascorbate peroxidase (APX; EC 1. 11. 1. 11), catalase (CAT, EC 1. 11. 1. 6), peroxidase (POD, EC 1.11.17), superoxide dismutase (SOD, EC 1. 15. 1. 1), and other reductases (Gill and Tuteja, 2010; Bela et al., 2015) . Previous results suggest that increased activity of antioxidant enzymes inhibits ethylene biosynthesis and external factors damaging the cut flowers and thus prevents aging by neutralizing the toxic effects of oxygen resulting from H2O2 decomposition (Mac Adam et al., 1992; Mortazavi, 2011) .
Other substances may also be related to senescence in plants, such as carbohydrates, whose function is to provide substrates for respiration cell wall synthesis (Norikoshi et al., 2008) and proteins (Azeez et al., 2007) .
The incorporation of different chemical preservatives into the preservative solutions has as function of postharvest of flowers: the supply of sugar as source of energy and to avoid microbial growth consequently vascular blockade, thus increasing water absorption by the stems. Citric acid is a chemical treatment present in many formulations and its efficiency in prolonging vase life was documented in some studies (Goszczyńska and Rudnicki, 1988; Van Doorn, 2010; Azizi and Onsinejad, 2015) . This organic acid has an essential role as pH regulator, reducing bacterial proliferation and consequently improving water flow in the xylem of cut flowers (Van Doorn, 1997) . As regards salicylic acid (SA) or methyl salicylate, this naturally element exists in the upper plants and functions as signaling molecule (Klessig and Malamy, 1994) . Postharvest treatment with SA was focused on the possibility of this phytorregulator decreasing ethylene synthesis of plants, delaying the effects of this hormone, as it may reduce activity of ACC oxidase (Altvorst and Bovy, 1995) .
In addition, SA has been reported to improve membrane stability, reducing damage caused by oxidative stress during senescence (Kazemi and Ameri, 2012) . There is also evidence that application of boric acid has been very effective in floriculture, since it allows the control and delays the onset senescence of the flower, especially species susceptible to ethylene (Ahmadnia et al., 2013) . These data were confirmed by Liavali and Zarchini (2012) and Ezhilmathi et al. (2007) who reported improvement in postharvest quality of roses with boric acid application. Some authors have proposed that the boron element improves carbohydrate metabolism and translocation (Malik, 2000) , whose function is to provide substrate for cellular respiration and cell wall synthesis (Norikoshi et al., 2008) .
At the same time, researches also show the role of boron in cell membrane functions (Goldbach et al., 2001) , cell wall formation (O'Neill et al., 2004) , capture and transport processes (Brown and Hu, 1996) and antioxidative defense system (Cakmak and Romheld, 1997) . Another substance that has also been tested in floriculture to improve the postharvest quality of cut flowers is ethanol (Farokhzad et al., 2005; Hossain et al., 2007; Pun et al., 2014) . As well as salicylic acid, there are reports that ethanol acts by minimizing the activity of ACC oxidase, precursor of ethylene synthesis (Podd and Staden, 2004) .
All the facts reported in this paper suggest that the application of the cited acids and also ethanol may be beneficial to postharvest quality of cut chrysanthemum flowers. The chrysanthemum (Chrysanthemum morifolium R.) comes from China, where it is considered one of the most important plants and one the most commercialized species (Zhang et al., 2013) . Many researches have been carried out to extend the vase life of chrysanthemum stems (Brackmann et al., 2005; Vieira and Souza, 2009; Arrom and Munné-Bosch, 2012; Asrar, 2012; Gul and Tahir, 2013) .
The antioxidative enzymes activity of during postharvest has been investigated in several horticultural plants, but few studies with this approach were performed with chrysanthemum flowers through the application of citric, salicylic, and boric acids in combination with ethanol. Considerable effort is required, therefore, proper postharvest handling is necessary to suppress ROS and extend the vase life of cut flowers. In this way, the present study was conducted to investigate the application of citric, boric and salicylic acid in combination with ethanol in solutions of postharvest quality of chrysanthemum, with special interest in the activity of antioxidant enzymes ascorbate peroxidase, catalase, peroxidase, and superoxide dismutase and protein and total carbohydrate levels.
Material and methods

Experiment
Chrysanthemum (Chrysanthemum morifolium R.) stalks of the cultivar Framint from the commercial production of the municipality of Holambra/SP were packed, stored and transported under suitable conditions to the Postharvest Laboratory, Federal University of Pará -Campus Altamira, where they were selected. In the selection were made discard of those that contained mechanical damages or injuries.
The stems were standardized at 45 cm in length, with 70% of the floral bud open, and then randomly packed in a 400 mL capacity recipient. This study was carried out in completely randomized experimental design, containing the following treatments with renewed maintenance solutions every two days: citric acid solution (ACS reagent, ≥99.5% -SigmaAldrich), boric acid solution (ACS reagent ≥ 99.5%) and salicylic acid solution (ACS reagent ≥99.0%) at concentrations of 100 mg. L -1 for both treatments in combination with 1% ethanol. Only normal water was used for the control treatment. Each recepient was sealed with PVC film, around the rods, to avoid loss of solution to the external environment through direct evaporation. The experiment consisted of 4 treatments, with 4 replicates and 3 floral stems per experimental unit.
The laboratory was kept at controlled temperature of 19 ± 2 °C in cold white fluorescent light (12 Μmole m -2 s -1 ), 24 h per day and relative umidity of 60-70%, remaining in these conditions until the end of experiment. During postharvest period, the following analyzes were performed: fresh mass loss (FML), water absorption rate (WAR), luminosity (petals), postharvest longevity, activity of antioxidant enzymes ascorbate peroxidase, catalase, peroxidase and superoxide dismutase and protein and total carbohydrate levels.
Fresh mass loss (FML; %)
The stems were weighed in a semi analytical balance (ARD110 OHAUS). The fresh mass loss values of the stems were obtained by means of the percentage difference of the initial fresh mass and the last fresh mass of the day of the analysis (Diniz, 2016) . The percentage of fresh mass loss was determined by the following formula: PFML = (MifMlf)/Mff, where loss of fresh mass (%) is PFML, initial fresh mass Mfi and last fresh mass Mlf, within two days.
Water absorption rate (WAR; mL)
Obtained according to the methodology described by Van Doorn et al. (2002) , with modifications. At intervals of two days, the containers and stems were weighed and their volume of water renewed due to absorption. The values were obtained by the volume of water consumed, calculated by the following formula: V = (Psi-Psl)/ Phl, where 'V' is the absorbed water (mL/g), Psi initial water mass), Psl last water mass (mL) and Phl last rod mass (g).
Luminosity of petal
The petal luminosity analyzes were performed using the CL-3003 colorimeter (PHOTOMETER). The luminance parameters L*, ranging from zero (black) to 100, were evaluated for white, meaning zero absorbance and 100% transmittance. For this evaluation, 4 stems were used for each treatment, and 4 readings were made on the petals of the flowers.
Total longevity
The postharvest quality of chrysanthemums was calculated from the time that about 50% the flowers showed symptoms of wilt or senescent tissue (Larsen and Scholes, 1966) .
Ascorbate peroxidase (APX; EC 1. 11. 1. 11) Ascorbate peroxidase activity (APX; EC: 1.11.1.1) was determined according to the method described by Nakano and Asada (1981) . Aliquots of 0.1 mL of protein extract were added to the reaction medium composed of 2.7 mL of 50 mM potassium phosphate buffer (pH 6.0) containing 0.5 mM of ascorbic acid PA The reaction was started by addition of 230 mM H2O2 was added to the reaction medium and accompanied by the decay of the absorbance at 290 nm in a spectrophotometer for 3 min with successive readings at 30 sec intervals. APX activity was estimated using the molar extinction coefficient of 2.8 mM -1 cm -1 for ascorbate at 290 nm and expressed as μmol AsA g -1 MF min -1 .
Catalase (CAT; EC 1. 11. 1. 6) Catalase activity (CAT; EC: 1.11.1.6) was determined according to Havir and McHale (1987) . 0.05 mL aliquots of protein extract were added to 2.95 mL of 50 mM potassium phosphate buffer with addition of 172 μL of 35% hydrogen peroxide (H2O2), pH 7.0, at 30 °C and monitored decay of the absorbance at 240 nm in a spectrophotometer for 3 min with successive readings every 30 seconds. The activity of the enzyme was calculated based on the molar extinction coefficient of 36 M -1 cm -1 at 240 nm for H2O2 and expressed in μmol H2O2 g -1 MF min -1 or specifically, μmol H2O2 mg -1 prot. min -1 .
Peroxidase (POD; EC: 1.11.1.7)
The extraction was performed according to the methodology described by Silva (1981) and adapted by Simões et al. (2015) . With the aid of liquid nitrogen, fresh tissue of the petals was homogenized in 1.3 mL of 0.2 M sodium phosphate buffer (pH 6.0) previously maintained at 4 °C. The extract was centrifuged at 13,000 x g for 21 minutes at 4 °C. The POD assay was determined by adding 300 μL of the supernatant to the reaction medium containing 1.0 mL of 0.2 M phosphate buffer (pH 6.0), 100 μL guaiacol (0.5%) and 100 μL of hydrogen peroxide (0.08%). The spectrophotometer Extraction was performed according to Cavalcanti et al. (2006) . With the aid of liquid nitrogen, 0.2 g tissue was homogenized in 1.3 mL of 0.1 M sodium phosphate buffer (pH 7.0). The extract was centrifuged at 13,000 x g for 21 minutes at 4 °C. SOD was determined as described by Giannopolitis and Ries (1977) . 100 μL aliquots of the supernatant were added to 1660 μL of 50 mM sodium phosphate buffer (pH 7.8) containing (1 mM EDTA and 13 mM methionine), 40 μL of 2 mM riboflavin and 200 μL of Nitro blue tetrazolium chloride (NBT) at 750 μM. The reaction medium remained under light incidence (two 18 W fluorescent lamps) for six minutes for further spectrophotometer reading at 560 nm. The activity was determined based on the inhibition of NBT reduction, defined as the unit of activity, as the amount of enzyme required to inhibit 50% of photoresistance (Beauchamp and Fridovich, 1971) . Superoxide dismutase activity was expressed in U.A. min -1 g -1 MF. The activity of the antioxidative enzymes were performed at intervals of two days, according to other analyzes.
Total protein
The petal sample was weighed and fed to forced air circulation oven at 55 °C to constant (dry) weight.
From the dry sample ttotal nitrogen content was determined by destruction of the organic matter in micro-kjeldhal flask and distillation in Kirk apparatus followed by volumetric determination according to A.O.A.C. (1995) . The results were expressed as percentage.
Total carbohydrates
Total carbohydrate contents were determined on dry matter using 2 grams of homogenized petals by the method described by (Dubois et al., 1956 ). The results were expressed as percentage.
Statistical analysis
The experimental design was a completely randomized design in a 4 X 7 factorial scheme, corresponding to the concentrations of the acids in maintenance solution (control: drinking water, citric acid 100 mg L -1 , boric acid 100 mgL -1 and salicylic acid 100 mg L -1 ) in combination with 1% ethanol and the analysis times (0, 2, 4, 6, 8, 10 and 12 days after the experiment was set up).
The data were submitted to analysis of variance (ANOVA) by the statistical program ASSISTAT and mean concentrations of the acids in combination with ethanol and the control were compared to 5% of probability. For the variables ascorbate peroxidase, catalase, peroxidase and superoxide dismutase were plotted by the SigmaPlot program.
Results and discussion
The analysis of variance of fresh mass loss , water absorption rate and luminosity results showed no differences in the interaction tested solutions and days after harvest (Table 1 ). The characteristics of fresh mass loss and luminosity significant differences occurred only for the main effects in solutions and days postharvest. The variable water absorption rate showed no significant difference for the main effect solutions. At the end of the experiment it was observed that the combination of ethanol + boric acid and ethanol + salicylic acid showed a greater trend of loss of fresh mass when compared to the other treatments. Stems submitted to these two treatments had on average 22.34% and 24.33% of loss, respectively, but ethanol + boric acid did not differ statistically from the other treatments. The lowest percentage of fresh mass loss was observed for the treatment with ethanol + citric acid (21.31%) and the control (21.55%) ( Table 2 ).
When 1% ethanol + 100 mg L -1 citric acid was used, commercial durability was observed in relation to the ethanol combination with the other acids, which is associated with maintenance of tissue turgorence ( Figure 1 and Figure 2 ). These data allow us to establish the hypothesis that the concentration of ethanol + citric acid in maintenance solution provided the maintenance of tissue turgor, and that postharvest mass gain and/or maintenance does not always indicate an increase in longevity. This is most evident mainly because there was no significant statistical difference when compared to stems maintained only in potable water. NS,*,** = not significant, significant the 5% and 1% of propability, by Tukey test. In each column, for each factor, followed means by at least one common letter, do not differ among themselves by the Tukey test at 5% probability. Scientific papers with only citric acid showed positive results in postharvest with flowers (Eidyan, 2010; Darandeh and Hadavi, 2012) . Mehdikhah et al. (2016) found lower fresh mass loss in cut gerbera flowers treated with 100 mg L -1 of citric acid when compared to other concentrations and control. Jowkar et al. (2012) also studying the effect of citric acid as a biocide, observed better fresh weight gain in the flower stems of 'Cherry Brandy' Roses. However, from day 5 onward, fresh weight showed a decrease in all treatments. These results were also observed in this experiment, since there were sharper reductions from the second day postharvest, presenting significant differences.
In studies reported in the literature, the use of ethanol isolated resulted in the reduction of climacteric ethylene synthesis, fresh mass loss, increased absorption of preservative solution and longevity in carnations (Petridou et al., 1999; Fariman and Tehranifar, 2011; Pun et al., 2014) . The fresh mass loss presented in this study may be due to the process of transpiration, increased respiration (Mansouri et al., 2012) and also the reduction of water conductivity during senescence of floral stems (DiasTagliacozzo et al., 2005) .
The transpiration process is one of the main causes of deterioration, resulting mainly in a change in appearance due to wilting (Ribeiro et al., 2010) . This was most evident in treatment with ethanol + boric acid, which demonstrated greater wilting symptoms. This can also be justified by the nonefficiency of the combination of these two compounds in the control of microorganism, causing occlusion of the stems. It is important to mention that no data were found in the literature regarding the combination of ethanol plus citric acid.
The treatment with ethanol + boric acid had on average a higher rate of water absorption (3.78), but this value did not differ statistically from the other treatments (Table 2) . Despite higher water absorption rate, the ethanol + boric acid combination was the least effective treatment in the postharvest quality of chrysanthemum. Stems in maintenance solution with ethanol + citric acid, ethanol + salicylic acid and only in drinking water had a mean of 3.50, 3.28 and 3.39 water absorption, respectively (Table 2) . Thus, in the same way as for the variable loss of fresh mass, the chrysanthemum stems with the best appearance, that is, those that were submitted to the treatment with ethanol + citric acid presented higher relative absorption of water, more hydrated petals and lower and the effects of biocidal substances (Capdeville et al., 2003; Sheikh et al., 2004) . This fact was also reported by Azizi and Onsinejad (2015) in a study with only citric acid application in Lisianthus (Eustoma grandiflorum L.), where the authors verified a greater efficiency in the rate of water absorption in the treatment 200 mg L -1 . In calendula flowers, Kaur and Mukherjee (2013) reported that solutions with 2% ethanol resulted in an increase in the absorption rate of floral stems.
In an experiment testing solutions in cloves, Fariman and Tehranifar (2011) found that lower concentrations of ethanol increased the absorption rate of the preservative solution and reduced the fresh mass loss, that is, improved the water balance of the flowers. One the hypotheses of ethanol efficiency, besides biocides, is that this compound presents low molecular weight, having the ability to rapidly raise solution absorption while maintaining the turgidity of the petals (Kaur and Mukherjee, 2013 ).
It's importante to mention in this study that the efficiency of the use of drinking water as a control treatment closely reproduces the management used between producers and consumers, but there is great variability in drinking water depending on its region of origin (Spricigo et al., 2010) . Regarding the use of ethanol + salicylic acid, it is perceived that this treatment presented the lowest rates of water absorption. It is also noticed that after two days the postharvest there was a decrease in the values of absorbed water, being accentuated on the 10th day. This phenomenon was also observed in flowers of the lion's mouth (Antirrhinum majus L.), where the rate of absorption of different solutions was higher in the first 24 hours, followed by decreasing over time (Vieira et al., 2010) .
The water absorption rate of cut flowers depends on their hydraulic conductance and the difference in water potential between the solution and the tissues of the stems (Spricigo et al., 2010) . According to Van Meeteren and Van Gelder (1999) , water potential is affected by the loss of water due to transpiration and also by other cellular processes especially petal growth during flowering.
For the luminosity variable, which is represented by a scale of zero (black) and one hundred (white), we can observe that the flowers in the control (56.24) and in the treatment with ethanol + salicylic acid (56.13) had on average the lowest values. The highest values were verified for the treatments with ethanol + citric acid (58.14) and ethanol + boric acid (57.89), but there was no significant difference. The present study presents controversial results, since the treatment with ethanol + boric acid shows lower quality in the appearance of the flowers of chrysanthemum. The results are still discordant in relation to the study conducted by Durigan et al. (2013) in flowers of gerberas, although the authors did not study ethanol, they reported darker petals with the days of posthaverst, especially the flowers kept in the citric acid solution. Although there were no significant differences in the interaction of the factors, it was verified that the chrysanthemum flowers kept in ethanol + citric acid solution showed the best white color maintenance. Flower stalks kept in the solution with ethanol + salicylic acid and only in drinking water, the color was from intense white to darkened white between the eighth and twelfth day of vessel. However, in this experiment the parameters of hue angle and chromaticity, essential characteristics for color evaluation, were not analyzed. The wide range of different petal colors varies mainly with combinations of carotenoid pigments and anthocyanins (Kishimoto et al., 2007) . The reduction in brightness in this study, from the 6th day postharvest, indicate the rapid change in the color of the petal, showing signs of aging. The luminosity is an important parameter of the color, because the lower its value, the darker the tissue (Lima et al., 2014) , but this was not evidenced in the treatment with ethanol + boric acid. According to MoalemBeno et al. (1997) , the carotenoids and the anthocyanins, the two largest classes of pigments responsible for color in flowers, change significantly during plant development and senescence.
In the differences between the treatments mentioned in the above variables, significant effects on the longevity of chrysanthemum flowers were also observed (Table 3 ). However, it was observed that there was no significant difference between control (drinking water) and treatment with ethanol + citric acid. The flowers kept in solution with ethanol + citric acid and only in drinking water received better evaluation, and presented more marketing condition.
Stems maintained in these treatments showed on average 11 to 12 days postharvest life, taking into account the buds in process of opening, however, the leaves were no longer suitable for commercialization. The floral stems submitted in maintenance solution with the combination of ethanol + salicylic acid and ethanol + boric acid, showed lower quality and were no longer in analysis condition. It is evident in this study that the combination of ethanol plus boric and salicylic acids did not contribute to the postharvest maintenance of chrysanthemum stems.
In an experiment conducted by Dou et al. (2001) in chrysanthemum flowers, verified a positive effect of ethanol on the longevity of the stems in maintenance solution, but applied in isolation. These authors also verified that ethanol was efficient in maintaining turgescence of the leaves and minimizing the loss of fresh matter, which corroborates with the present study in the treatment with ethanol + citric acid.
Effects on increased longevity were also observed in marigold flowers treated with ethanol (Kaur and Mukherjee, 2013) . All characteristics such as turgescence, peduncle inclination and yellowing of petals, are linked to the water balance of floral stems, which is an important part in the maintenance of cellular structures and consequently their visual appearance. However, we can not say that ethanol + citric acid showed to have a senescence-retarding effect and greater floral longevity, since the stems maintained in drinking water showed practically the same results. Table 3 . Means total longevity crop the chrysanthemum flowers (Dendranthema grandiflora Tzvelev) treats with acids: citric, boric, salicylic in ethanol combination. The flowers were maintained at 19 ± 2 °C for 12 days.
Treatments
Vase life (days)
Control (potable water) 11.34a
1% ethanol + 100 mg L -1 citric acid 11.86a
1% ethanol + 100 mg L -1 boric acid 8.29c
1% ethanol + 100 mg L -1 salicylic acid 9.73b * Means followed by the same lowercase letters on the same line and letters in the same columm do not differ by Tukey test at 5%. In the present work, the total protein content in chrysanthemum flowers varied from the first to the last day of analysis between 7% and 1%, with reduction from the 6th day of evaluation (Table 4) .
Studying different preservatives in postharvest of lisianthus (Eustoma grandiflorum), Cavasini et al. (2015) observed a decrease in total protein levels during the evaluation period. Similar results were reported by Vieira et al. (2016) working with bird paradise stems (Strelitzia reginae). Eason et al. (2002) also found that there was a decrease in protein content during the senescence of Sandersonia aurantiaca. This effect was also verified by Vieira et al. (2010) in leaves and flowers of chrysanthemum cv 'Faroe' after harvest and by Lerslerwong et al. (2009) on petals of Dendrobium cv. 'Khao Sanan'. In the literature it is possible to observe an approach regarding this theme with different types of condoms. Some researchers have suggested that the decrease in protein levels during senescence was due to inhibition of synthesis and/or degradation by proteases, resulting in loss of functional membrane capacity, increased ion output, and finally senescence and tissue mortality (Guerreiro et al., 1998; Elanchezhian and Srivastava, 2001; Gietl and Schmid, 2001; Hörtensteiner 2006; Sood et al., 2006; Azeez et al., 2007) . The oscillation in the protein contents in this experiment can be justified by the degradation of macromolecules and organelles (Hörtensteiner, 2006) .
Although not very expressive, it is noticed that the treatments applied influenced the total protein content, considering the evaluated values. From the 6th day after the harvest, it was observed that the treatment with ethanol + salicylic acid had lower total protein contents in relation to the other treatments. The loss of proteins was studied in some plants, such as alstroemeria and clove, which showed a decrease in protein during senescence (Jones and Hill, 1993) . Podd and Van Staden (2002) investigated the effect of ethanol on Dianthus cut flower conservation, and found that different concentrations of ethanol caused a decrease in protein in the petals when compared to flowers treated with distilled water alone. However, Imani et al. (2013) observed higher protein content in roses (Rosa hybrida L. cv. 'Avalanche') in the treatment with 6% ethanol, but applied separately, different in the present study. Sadeghinasab (2011) reported a significant increase of proteins in clove petals treated with alcoholic compounds. According to Gerailoo and Ghasemnezhad (2011) , application of anti-ethylene compounds to roses also increased the protein content in the petal, enhancing the cell membrane structure.
Ethanol is one of the anti-ethylene agents, which reduces activity of this plant hormone, thus increasing the vase life of cut flowers (Podd et al., 2002; Farrokhzad et al., 2005) . According to Wu et al. (1992) the benefits of treatment with ethanol are only achieved when they are supplied constantly. Our results are in agreement with this finding, but not for all treatments tested, mainly because ethanol was applied in conjunction with citric, boric and salicylic acids. Treatment with ethanol + citric acid had higher total protein contents. These results have also been reported in gerberas and roses under the effect of citric acid (Abri et al., 2013; Mehdikhah et al., 2016) , but without the presence of ethanol. However, these authors also verified higher total protein levels in salicylic acid treatment, disagreeing with the data reported in this study. Although not relevant, stems under the effect of ethanol + citric acid treatment during the whole experimental period, reflected on the quality of chrysanthemum flowers. These results may also be related to the activity of the antioxidative enzymes, depending on the application of the product. In the same evaluation period until the last day of analysis, that is, from the 6th to the 12th day, the lowest levels were observed in the treatment with ethanol + salicylic acid, but did not differ statistically in relation to the control only on the 8 th day of evaluation.
For the total carbohydrate contents, significant differences were observed, being higher in the chrysanthemum flowers until the 4th day after harvest, with a marked reduction until the last day of analysis (Table 5 ). On the 1st day of evaluation the total carbohydrate content was on average 15.05%, on the 12th day, it reached a maximum of 6.37%. These results corroborate the data obtained by Olley et al. (1996) , where it was found that a single cut flower of the Chamelaucium uncinatum species maintained in eppendorf tubes showed a rapid decrease in the carbohydrate content. These results can also be verified in Gladiolus perianth (Yamane et al., 1993) . Vieira et al. (2010) also observed carbohydrate loss during senescence of leaves and flowers of Chrysanthemum cv. 'Faroe'. In general, protein and carbohydrate levels decrease during plant senescence (Eason et al., 1997) , due to the action of specific proteases (Shahi et al., 2011) and respiration use (Halevy and Mayak, 1981; Siedow and Day, 2001) .fffffffffffffffffffffffffffffffffffffffffff Table 5 . Total carbohydrate content (%) in chrysanthemum flowers (Dendranthema grandiflora Tzvelev) submited application of acids in ethanol combination. Maintenance Solutions containing: T1 -potable water (control), T2 -1% ethanol + citric acid (100 mg L -1 ), T3 -1% ethanol + boric acid (100 mg L -1 ) and T4 -1% ethanol + salicylic acid (100 mg L -1 ). The flowers were maintained at 19 ± 2 °C for 12 days. QM = 0.05302 F = 5.9473 CV(%) = 7.28 * Means followed by the same lowercase letters on the same line and letters in the same columm do not differ by Tukey test at 5%. In relation to treatments applied in maintenance solution, total carbohydrate contents in the flowers treated with ethanol + citric acid was higher than the floral stems submitted to the treatments with ethanol + boric acid and ethanol + salicylic acid, differing statistically in two periods evaluation. However, it was observed that the flowers maintained without any chemical treatment, that is, those that were kept only in drinking water, presented higher total carbohydrate content in relation to all treatments. This difference is clear in the two final epochs of evaluation. Comparing treatment with ethanol + boric acid and ethanol + salicylic acid, it was observed that there was a significant difference only in the 4 th day of evaluation, being observed higher carbohydrate contents for the treatment with ethanol + salicylic acid. El-Kafie et al. (2014) verified a positive effect of citric acid on carbohydrate contents, but when applied together with another compound. In this case the authors verified efficiency with sucrose or silver nitrate. Regardless of the applied acids, the darkening of the petals of the chrysanthemum flowers was noticed during postharvest evaluation, being more evident in the treatments with ethanol + boric acid and ethanol + salicylic acid.
Darkening in plant tissues can be induced by a series of metabolic events associated with senescence process, initiated by the consumption of carbohydrate reserves. In this way, the lack of available sugars may be a reason for the initial darkening of the petals (Netlak and Imsabai, 2016) . Nowak et al. (1991) report that cellular respiration is responsible for degradation of lipids, proteins, carbohydrates and other cellular components, which can reduce the longevity of flowers. The behavior of longevity of chrysanthemum flowers in this study may be related to the reduction of protein and carbohydrate contents, being clear in flower stems that were submitted to ethanol combination plus boric and salicylic acids. Therefore, under conditions under which this study was conducted, the ethanol combination with these two acids did not contribute to the postharvest quality of chrysanthemum flowers.
The analysis of variance of the ascorbate peroxidase and superoxide dismutase data showed no significant effect for the main effect solutions. This also occurred for interaction solutions and days after harvest, but only on superoxide dismutase. The enzymes catalase and peroxidase presented significant differences for all factors analyzed (Table  6) .
With regard to APX, in the interaction solutions tested with postharvest days, it can be observed for the treatment with ethanol + citric acid that the major activities occurred on the sixth day postharvest and on the twelfth day of evaluation (Figure 3) . It is observed that there was a decrease in activity until the fourth day of evaluation, with subsequent oscillation until the end of the experiment.
The treatment with ethanol + boric acid the largest activities were recorded on the second and eighth day postharvest and the smallest on the sixth and tenth day of evaluation. It is also noted that enzymatic activity was intensified in the treatment with ethanol + salicylic acid only on the eighth day postharvest, showing a fall in the first three seasons and in the tenth and twelfth day of evaluation. Note that there was no oscillation behavior in the activity for the control treatment. CAT, as well as APX, are enzymes that catalyze the conversion of H2O2 to water and O2, protecting cells from oxidative damage, keeping levels of reactive oxygen species under control (Abedi and Pakniyat, 2010) . However, the results regarding some parameters presented in this study are contradictory. In the literature the results are controversial regarding the enzymatic behavior. It has been found that some researchers emphasize low activity and other authors suggest high activity of these enzymes may be indicative of tissue aging or special stress conditions. In this study some results presented are consistent, but for some parameters they demonstrate controversial results. In the study of CAT, in the interaction tested solutions with pot days, chrysanthemum flowers that were treated with ethanol + citric acid showed levels of similar activity during the postharvest period (Figure 4) . 
Catalase (CAT)
Regarding the treatment with ethanol + boric acid, there was a tendency to decrease in the enzymatic activity until the fourth day of evaluation, with subsequent oscillation. The same behavior was observed in the solution with ethanol + salicylic acid, that is, it was observed a drop until the eighth day, with later oscillation until the end of the experiment. In the stems that were kept only in drinking water, it was observed a lower activity in the fourth and tenth day of evaluation, with similar behavior in the other epochs during the experiment.
The results observed in this study suggest that the ethanol + citric acid treatment possibly maintained constant levels of CAT activity, inhibiting ethylene biosynthesis and external factors damaging the cut flowers, and thus prevented aging by neutralizing the toxic effects of oxygen resulting from decomposition of H2O2 (Mac Adam et al., 1992 , Mortazavi, 2011 . However, it is important to mention that this treatment was effective, but did not differ statistically from the control (drinking water). According to Xu et al. (2012) , in addition to the senescence delay, the ethanol treatment increases the activity of the SOD, APX and CAT enzymes.
The results showed in the treatment with ethanol + citric acid that the activity of the POD, in the interaction solutions tested with the pot days, presented more stable activity among the evaluated days in the chrysanthemum flowers ( Figure 5 ).
Regarding the treatment with ethanol + boric acid, there was a tendency of reduction in the enzymatic activity until the sixth day, with later oscillation. The same behavior was observed in the solution with ethanol + salicylic acid and in the control (potable water), but from the eighth day of evaluation, there was an increase in the activity with a subsequent reduction until the tenth day of evaluation. When comparing the obtained results, it is possible to observe that all the treatments tested except for the treatment with ethanol + citric acid, followed practically the same trend line, oscillation in the POD activity during the experiment.
During recipient life, the activity of a more constant form promoted by ethanol + citric acid may have been favorable, since POD is a free radicalfighting enzyme (Scandalios, 1993) , allowing better maintenance of the membranes and cellular metabolism in the long term, and consequently benefiting the quality of the flowers. The results observed in this study are consistent since the treatment with ethanol + citric acid showed a better efficiency in the postharvest quality of chrysanthemum flowers. Although in the present study, stems maintained only in potable water also provided a positive effect when compared to ethanol in combination with boric and salicylic acids.
In this study, this variation of the activity due to the combination of ethanol and acids should be further evaluated, considering that the POD enzyme is directly linked to tissue lignification, which polymerizes lignin from the hydroxyl oxidation of phenolic groups (Pascholati and Leite, 1995; Castro et al., 2005) , which makes it important to defend and sustain the plant. There is evidence that excess compounds such as lignin, a product of POD activity and the enzyme polyphenoloxidase, may be related to xylem occlusion, but this relationship is not yet defined (Van Doorn and Vaslier, 2002; Loubaud and Van Doorn, 2004) . However SOD, in the interaction solutions tested with pot days, it can be observed for the treatment with ethanol + citric acid that there was a tendency of reduction in the enzymatic activity until the sixth day (Figure 6 ), but from the eighth day of evaluation, there was an increase in activity with a subsequent reduction until the tenth day. This behavior was also observed in the POD enzyme.
In the treatment with ethanol + boric acid the highest activities were recorded on the second and eighth day of evaluation, showing oscillation practically until the end of the experiment. It is also noted that enzymatic activity in the treatment with ethanol + salicylic acid showed a decrease in the first four evaluation periods, with a subsequent increase and reduction until the last evaluation period. This oscillation behavior in the activity was also reported in the control. In general, POD and SOD are enzymatic measures to determine the level of oxidative stress in flowers (Rubinowska and Michalek, 2009; Yu et al., 2009; Mangave et al., 2013) . The higher the activity of these enzymes, the greater the stress level of the tissues (Shigeoka et al., 2002) . Controversial results were seen in the present study, taking into consideration the eighth to the tenth day of analysis. The flowers treated with ethanol + boric acid and ethanol + salicylic acid showed shorter shelflife, consequently, should result in greater oxidative damage, evidenced indirectly through greater POD and SOD activities. On the other hand, research shows that salicylic acid has a protective action against the accumulation of reactive oxygen species (ROS) and the regulation of antioxidant enzymes (Khan et al., 2003; Shi and Zhu, 2008) , but it was not clear in this study in ombination with ethanol. 
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